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For Further Information...

The Natural Gas Transmission and Distribution Model (NGTDM) of the National Energy Modeling System is
developed and maintained by the Energy Information Administration (EIA), Office of Integrated Analysis and
Forecasting. General questions concerning the NGTDM may be addressed to James S. Diemer (202/586-6126),
Natural Gas Transmission and Distribution Team Leader. Documentation questions should be addressed to Phyllis
Martin (202/586-9592).

Detailed questions on the various components of the NGTDM may be addressed to the following EIA analysts:

Annual Flow Module Joseph G. Benneche (202/586-6132)
Distributor Tariff Module Phyllis Martin (202/586-9592)

Pipeline Tariff Module James S. Diemer (202/586-6126)
Capacity Expansion Module Joseph G. Benneche (202/586-6132)
Data Inputs Chetha Phang (202/586-4821)
Solution Methodology Joseph G. Benneche (202/586-6132)

This report documents the archived version of the NGTDM that was used to produce the natural gas forecasts
presented in thénnual Energy Outlook 1994DOE/EIA-0383(94)). The purpose of this report is to provide a
reference document for model analysts, users, and the public that defines the objectives of the model, describes its
basic approach, and provides detail on the methodology employed. This report represents Volume | of a two-volume
set. Volume Il will report on model performance, detailing convergence criteria and properties, results of sensitivity
testing, comparison of model outputs with the literature and/or other model results, and major unresolved issues.
It is anticipated that Volume Il will be available in December 1994.

The model documentation is updated annually to reflect significant model methodology and software changes that
take place as the model develops. The next version of the documentation is planned to be released in the first quarter
of 1995.
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1. Introduction

The Natural Gas Transmission and Distribution Model (NGTDM) is the component of the National Energy Modeling
System (NEMS) that is used to represent the domestic natural gas transmission and distribution system. NEMS was
developed in the Office of Integrated Analysis and Forecasting of the Energy Information Administration (EIA).
NEMS is the third in a series of computer-based, midterm energy modeling systems used since 1974 by the EIA and
its predecessor, the Federal Energy Administration, to analyze domestic energy-economy markets and develop
projections. From 1982 through 1993, the Intermediate Future Forecasting System (IFFS) was used by the EIA for
its analyses, and the Gas Analysis Modeling System (GAMS) was used within IFFS to represent natural gas markets.
Prior to 1982, the Midterm Energy Forecasting System (MEFS), also referred to as the Project Independence
Evaluation System (PIES), was employed.

NEMS was developed to enhance and update EIA's modeling capability by internally incorporating models of energy
markets that had previously been analyzed off-line. In addition, greater structural detail in NEMS permits the
analysis of a broader range of energy issues. The time horizon of NEMS is the midterm period, approximately 20
years in the futuré. In order to represent the regional differences in energy markets, the component models of
NEMS function at regional levels appropriate for the markets represented, with subsequent aggregation/disaggregation
to the Census Division level for reporting purposes.

The projections in NEMS are developed using a market-based approach to energy analysis, as had the earlier
models. For each fuel and consuming sector, NEMS balances energy supply and demand, accounting for the
economic competition between the various fuels and sources. NEMS is organized and implemented as a modular
systent  The NEMS models represent each of the fuel supply markets, conversion sectors, and end-use consumption
sectors of the energy system. NEMS also includes macroeconomic and international models. The primary flows
of information between each of these models are the delivered prices of energy to the end user and the quantities
consumed by product, Census Division, and end-use sector. The delivered prices of fuel encompass all the activities
necessary to produce (or import), and transport fuels to the end user. The information flows also include other data
such as economic activity, domestic production activity, and international petroleum supply availability.

An integrating routine controls the execution of each of the component models. The modular design provides the
capability to execute models individually, thus allowing independent analysis with, as well as development of,

individual models. This modularity allows the use of the methodology and level of detail most appropriate for each
energy sector. NEMS solves by iteratively calling each model in sequence until the delivered prices and quantities
of each fuel in each region have converged within tolerance both within individual models and between the various
models, thus achieving an economic equilibrium of supply and demand in the consuming sectors. Model solutions
are reported annually through the midterm horizon. A schematic of the NEMS is provided in Figure 1-1

'For theAnnual Energy Outlook 19%he NEMS was executed for each year from 1990 through 2010.

>The central theme of a market-based approach is that supply and demand imbalances will eventually be rectified through an
adjustment in prices that eliminates excess supply or demand.

3The NEMS is composed of 13 models and a system integration routine. These components are frequently referred to as
"modules"” in other NEMS related publications; however, in this publication they will all be referred to as "models." Footnotes
will be added when the formal name is different from the referenced name. The components of the NGTDM will be referred
to as "modules."
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Figure 1-1. Schematic of the National Energy Modeling System
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, While a list of the associated model documentation reports is in Appendix K.

The NGTDM is the model within the NEMS that represents the transmission, distribution, and pricing of natural gas.
The model also includes representations of the end-use demand for natural gas, the production of domestic natural
gas, and the availability of natural gas traded on the international market based on information received from other
NEMS models. The NGTDM determines the flow of natural gas in an aggregate, domestic pipeline network,
connecting domestic and foreign supply regions with 12 demand regions. The methodology employed allows the
analysis of impacts of regional capacity constraints in the interstate natural gas pipeline network and the identification
of primary pipeline capacity expansion requirements. There is an explicit representation of firm and interruptible
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markets for natural gas transmission and distribution services, and the key components of pipeline tariffs are
represented in a pricing algorithm. Natural gas pricing and flow patterns are derived by obtaining a market
equilibrium across the three main elements of the natural gas market: the supply element, the demand element, and
the transmission and distribution network that links them. The NGTDM consists of four modules: the Annual Flow
Module, the Capacity Expansion Module, the Pipeline Tariff Module, and the Distributor Tariff Module. A model
abstract is provided in Appendix A. Background information on current and potential future gas market
developments, relevant to natural gas transmission and distribution modeling, is presented in Appendix C.

This report documents the archived version of the NGTDM that was used to produce the natural gas forecasts used
in support of theAnnual Energy Outlook 199DOE/EIA-0383(94). The purpose of this report is to provide a
reference document for model analysts, users, and the public that defines the objectives of the model, describes its
basic design, provides detail on the methodology employed, and describes the model inputs, outputs, and key
assumptions. It is intended to fulfill the legal obligation of the EIA to provide adequate documentation in support
of its models (Public Law 94-385, Section 57.b.2).
This report represents Volume | of a two-volume set. Volume Il (available December, 1994) will report on model
performance, detailing convergence criteria and properties, results of sensitivity testing, comparison of model outputs
with the literature and/or other model results, and major unresolved issues. Subsequent chapters of this report
provide:

* An overview of the NGTDM (Chapter 2)

e A description of the interface between the NEMS and the NGTDM (Chapter 3)

* An overview of the solution methodology of the NGTDM (Chapter 4)

e The solution methodology for the Annual Flow Module (Chapter 5)

» The solution methodology for the Distributor Tariff Module (Chapter 6)

e The solution methodology for the Capacity Expansion Module (Chapter 7)

» The solution methodology for the Pipeline Tariff Module (Chapter 8)

e A description of model assumptions, inputs, and outputs (Chapter 9).
The archived version of the model is available from the National Energy Information Center (NEIC) and is identified

as NEMS94 (part of the National Energy Modeling System archive package as archived Aantia¢ Energy
Outlook 1994 DOE/EIA-0383(94)).
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2. Overview

The purpose of this chapter is to provide a brief overview of the Natural Gas Transmission and Distribution Model
(NGTDM) and its capabilities. The NGTDM is the component of the National Energy Modeling System (NEMS)
that represents the mid-term natural gas market. The NGTDM models the Lower 48 States U.S. natural gas
transmission and distribution network that links the suppliers (including importers) and consumers of natural gas,
determining the regional market clearing natural gas end-use and supply (including border) prices. The demand
regions modeled are the 12 NGTDM regions (Figure 2-1)
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Figure 2-1.

Natural Gas Transmission and Distribution (NGTDM) Regions
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. These regions are based on the 9 Census Divisions, with Census Division 5 split into South Atlantic and Florida,
Census Division 8 split into Mountain and Arizona/New Mexico, Census Division 9 split into California and Pacific,
and Alaska and Hawaii handled independently. Forecasts are reported annually through 2010 for natural gas end-use
prices in the residential, commercial, industrial, electric utility, and transportation sectors.

The model structure consists of four major components. The Annual Flow Module (AFM) is the integrating module
of the NGTDM. It simulates the natural gas price determination process by bringing together all major economic
and technological factors that influence regional natural gas trade in the United States. The Capacity Expansion
Module (CEM) forecasts the development of new natural gas pipeline and storage facilities and sets maximum annual
utilization rates based on a seasonal analysis of supply capabilities and demand requirements. The Pipeline Tariff
Module (PTM) represents the development of firm/interruptible tariffs for transportation and storage services provided
by interstate pipeline companies. The Distributor Tariff Module (DTM) represents the development of markups for
distribution services provided by local distribution companies and for transmission services provided by intrastate
pipeline companies. The modeling techniques employed are linear programs for the AFM and the CEM, an
accounting algorithm for the PTM, and an empirical process based on historical data and competing fuel prices for
the DTM.

The NGTDM provides a number of key modeling capabilities that were not available in its predecessor model, the
Gas Analysis Modeling System (GAMS). These capabilities give the NGTDM the ability to:

* Represent interregional flows of gas and pipeline capacity constraints

» Represent regional supplies

* Represent different types of transmission service (firm and interruptible)

e Calculate emissions associated with pipeline fuel use

» Determine the amount and the location of additional pipeline and storage facilities on a regional basis

» Capture the economic tradeoffs between pipeline capacity additions and increases in regional storage
capability

e Provide a peak/off-peak, or seasonal analysis capability in the area of capacity expansion
* Quantify capital investment in capacity expansion
« Distinguish customers by type of service (firm and interruptible) in end-use sectors.

These capabilities will be described in greater detail in the subsequent chapters of this report which describe the
individual modules of the NGTDM.
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Model Objectives

The purpose of the NGTDM is to derive natural gas end-use and wellhead prices and flow patterns for movements
of natural gas through the regional interstate network. The prices and flow patterns are derived by obtaining a
market equilibrium across the three main elements of the natural gas market: the supply element, the demand
element, and the transmission and distribution network that links them. The domestic supply, imports, and demand
representations are provided as inputs to the NGTDM from other National Energy Modeling System (NEMS)
modules. The representations of the key features of the transmission and distribution network, which include
interregional network capacities and transmission and distribution service pricing, are the focus of the various
components of the NGTDM.

The need to model these specific characteristics of the natural gas industry stems from the structural changes that
have taken place in the industry over the last 10 years. These changes include complete deregulation of the wellhead
market, the unbundling of pipeline services, and the introduction of competitive forces related to pipeline expansion
decisions, and transmission and distribution service pricing. Some of these changes have already had a large effect
on the market, while other changes have recently been initiated and have yet to provide a significant impact on the
prices and availability of services. A history of these developments is provided in Appendix C. Two key factors
support the need to include an explicit representation of the transmission and distribution of natural gas within
NEMS. The first is the substantial decline in wellhead prices which results in the acquisition cost of the commodity
itself generally being less than half of the end-use price. The second is the ongoing evolution of the market. This
ongoing evolution also supports the need for significant flexibility in how prices for transmission and distribution
services are represented in the NGTDM and how the interregional flows respond to prices over time. Because of
this, the NGTDM is a completely new system that provides, in addition to mid-term forecasts of end-use prices,
forecasts of prices for, availability of, expansion of, and utilization of interstate natural gas pipeline services.

Prior to model development, a working paper was compiled by the EIA to establish the specific requirements for
the overall NEMS, as well as for each of the component motjules. Requirements pertaining specifically to the
NGTDM were based on: (1) recent analyses performed with EIA's IFFS/GAMS forecasting system, (2) limitations
of GAMS, (3) the regulatory reform agenda of the Federal Energy Regulatory Commission (FERC), and (4)
Department of Energy (DOE) policy initiatives as outlined in the National Energy Stfategy. These requirements,
along with recommendations from a recent Model Quality Audit of the GAMS by the Office of Statistical Sfandards,
yielded a list of design guidelines for the NGTDM that support a broad array of desired analyses. Based on these
guidelines, the NGTDM needed to:

» Represent pipeline capacity limitations exiting the major producing regions and entering the major
market areas

 Employ a solution procedure based on an interregional trade equilibrium model that attempts to
minimize simultaneously the global costs of supply and transportation subject to gas supplies available
in each region, regional demand requirements, and pipeline capacity constraints

» Incorporate a transmission/storage capacity expansion/planning module that would recognize on-going,
and planned/announced capacity expansion projects, as well as other capacity expansion needs
throughout the forecast period

» Have the ability to determine endogenously market based rates for pipeline transportation services

e Have the ability to partition the natural gas market to apply either market based or cost based rates to
specific segments of end-use sectors or to the market as a whole

“Energy Information Administration, Office of Integrated Analysis and Forecasting, "Requirements for a National Energy
Modeling System," December 12, 1991.

*National Energy StrategyFirst Edition, 1991/1992 (Washington, DC, February 1991).
Carpenter, Paul RReview of the Gas Analysis Modeling SystBoston, MA: Incentives Research, Inc., August 1991).
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» Employ a short-run supply curve that includes a direct representation of marginal sources of supply
» Represent Canadian and Mexican pipeline gas trade and liquefied natural gas trade

* Account for emissions of criteria pollutants that are emitted as a by-product of the natural gas
transmission and distribution industry

» Account for capital investment requirements of storage and capacity expansion projects in the
transmission and distribution sector.

During the development of the model methodology, a study was made of existing models and modeling techniques
that might be used to meet the above requirements. Based on this study and the reports mentioned previously, it
was determined that no model currently in existence could satisfy the NEMS requirements, and thus a new model
was needed. The results of the study are presented in Appendix D.

The following sections provide brief overviews of the four components of the NGTDM.

Annual Flow Module

The Natural Gas Annual Flow Module (AFM) is the main integrating module of the NGTDM. One of its major
functions is to simulate the natural gas price determination process. The AFM brings together all major economic
and technological factors that influence regional natural gas trade in the United States. The economic considerations
include the demand for and the supply of natural gas, competition from substitute fuels and conservation options,
and competition from imported natural gas.

The AFM integrates all components of the NGTDM (the AFM itself, the Capacity Expansion Module, the Pipeline
Tariff Module and the Distributor Tariff Module). Through this integration process, the AFM derives average annual
natural gas prices (wellhead, city gate, and end-use) that reflect an interregional trade market equilibrium among
competing gas supplies, end-use sector consumption and transportation routes. End-use prices are derived for both
firm and interruptible markets. Within NEMS the classification of customers that will purchase firm versus
interruptible service is predetermined.
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Figure 2-2. Principal Buyer/Seller Transaction Paths for Natural Gas Marketing
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The historical evolution of the price determination process simulated by the AFM is depicted schematically in Figure
2-2 and described in greater detail in Appendix C. Until recently, the marketing chain was very straightforward, with
end-users and local distribution companies contracting with pipeline companies, and the pipeline companies in turn
contracting with producers. Prices typically reflected average costs of providing service plus some regulator-specified
rate of return. Although this approach is still employed, more pricing flexibility is being introduced, particularly in
the interstate pipeline industry. Pipeline companies are also offering a range of services under competitive and
market-based pricing arrangements. Additionally, new players—for example marketers of spot gas and brokers for
pipeline capacity—have entered the market, creating new links connecting suppliers with end-users. The marketing
links will become increasingly complex in the future.

The level of competition for pipeline services (generally a function of the number of pipelines having access to a
customer and the amount of capacity available) is currently driving the prices for interruptible transmission service
and is beginning to have an effect on firm service prices. Currently, there are significant differences across regions
in pipeline capacity utilizatioh. These regional differences are evolving as new pipeline capacity is constructed to
relieve the capacity constraints in the Northeast and on the West Coast, and to expand markets in the Midwest. As
capacity changes take place, prices of services should adjust accordingly to reflect new market conditions.

"Energy Information AdministratiorCapacity and Service on the Interstate Natural Gas Pipeline System, 1990: Regional
Profiles and AnalyseDOE/EIA-0551 (Washington, DC, May 1992).
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Federal initiatives (most recently compiled in FERC Order No. 636) are reducing barriers to market entry and are
encouraging the development of more competitive markets for pipeline services. Potential mechanisms used to make
the transmission sector more competitive include the widespread capacity releasing programs, market-based rates,
and the formation of market centers with deregulated upstream pipeline services. Some combination of these
mechanisms will probably be used. As the outcome is unknown at this point, the AFM is not designed to model
any specific type of program. It is instead designed to simulate the overall impact of the movement towards market
based pricing of transmission services.

The regional supply detail in the AFM, in conjunction with the AFM representation of pipeline capacity, supports
analysis of regional shifts in supply and demand patterns. Regional differences in marginal sources of supply are
also captured. Finally, the AFM addresses: transmission fuel consumption and losses; emissions associated with
transmission fuel consumption; the evolution of a North American natural gas market; and capacity rationing
(accomplished via the pricing of services).

Capacity Expansion Module

The primary purpose of the Capacity Expansion Module (CEM) is to simulate the decision-making process for
expanding pipeline and/or storage capacity in the U.S. gas market. In simulating gas pipeline capacity expansion,
the CEM: (1) determines the amount of pipeline and storage capacity to be added between or within regions in the
NGTDM, and (2) establishes effective (or practical) maximum annual utilization rates for each of the interregional
pipeline routes represented in the Annual Flow Module. Maximum utilization rates (or load factors) on pipeline
routes are established to capture the impact of variations in seasonal demand on the maximum amount of gas which
can practically flow between regions within a year. Pipeline and storage capacity additions are used in the Annual
Flow Module (in combination with the maximum load factors) to set limits on annual interregional flows and to set
working gas storage levels. These capacity additions are also used in the Pipeline Tariff Module when determining
future storage rates and interregional pipeline tariffs.

The CEM was designed to address the guidelines that support a broad array of desired analyses and policy questions
to be answered, such as:

*  What impact will the increased demand for natural gas attributable to greater market penetration of new
end-use gas technologies have on the utilization of the U.S. pipeline grid and requirements for new
capacity? In what regions is capacity likely to be added?

*  What might be the impact of a proactive natural gas policy on the utilization of pipeline capacity and
the need for pipeline expansion?

* How will unbundling and the increasingly market-oriented pricing of gas supply and transmission
services affect the differences between delivered prices for residential/commercial and industrial and
electric utility gas users?

Regulation affecting the demand for gas and the supply of gas, such as emissions controls and tax credits, are
modeled within the demand models of NEMS and the Oil and Gas Supply Model, respectively. The Pipeline Tariff
Module and the Distributor Tariff Module provide tariffs to the CEM. Therefore, regulations affecting the setting

of rates are specified within these two tariff modules, and are subsequently incorporated within the CEM. When
the NGTDM is used to analyze the impact of new regulations which will increase or decrease expansion costs, these
adjustments will be incorporated within the Pipeline Tariff Module, where the interstate tariffs associated with
expanded pipeline or storage capacity are calculated, (e.g., incremental versus rolled-in rates for new capacity).
Within the CEM, parameters can be set to capture the impact of changes in lead times associated with the regulatory
approval process for pipeline and storage expansion.

The design of the CEM is consistent with the NEMS requirements for modeling natural gas pipeline capacity and

capacity expansion: "The model will respond to external decisions (assumptions) about throughput capacity for
natural gas facilities including the expansion of facilities (interstate pipelines, storage and import facilities), and
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maintenance and replacement of facilities, as well as the associated costs. The output reports will contain capacity
requirements and utilization rates distinguished by redion."

Pipeline Tariff Module

The primary purpose of the Pipeline Tariff Module (PTM) is to compute tariffs for transportation and storage services
provided by interstate pipeline companies. These tariffs are used within the Annual Flow Module to derive supply
and end-use prices and within the Capacity Expansion Module to derive capacity additions. The tariffs are computed
for individual pipeline companies, then aggregated to the major gas pipeline corridors or arcs (in the United States)
specified in the NGTDM network, as described in Chapter 4. An accounting system is used to track costs and
compute rates under various rate design and regulatory scenarios. Tariffs are computed for both firm and
interruptible transportation and storage services. Transportation tariffs are computed for interregional arcs defined
by the NGTDM network. These network tariffs represent an aggregation of the tariffs for individual pipeline
companies supplying the network arc. Storage tariffs are defined at regional NGTDM network nodes, and, likewise,
represent an aggregation of individual company storage tariffs. Note that these services are unbundled and do not
include the price of gas, except for the cushion gas used to maintain minimum gas pressure. Furthermore, the
module cannot address competition for pipeline or storage services along an aggregate arc or within an aggregate
region, respectively.

Since the tariffs determined by the PTM represent an aggregation of individual pipeline companies, the PTM is not
designed to address the issue of analyzing competition within a regional pipeline corridor. It should also be noted
that the PTM deals only with the interstate market, and thus does not capture the impacts of State-specific regulations
for intrastate pipelines. Intrastate transportation charges are accounted for within the Distributor Tariff Module.

Pipeline tariffs for transportation and storage services represent a significant portion of the price of gas to end-users.
Consumers of natural gas are grouped generally into two categories: (1) those who need firm or guaranteed service
because gas is their only fuel option or because they are willing to pay for security of supply, and (2) those who do
not need guaranteed service because they can either periodically terminate operations or use fuels other than natural
gas. The first group of customers (core customers) purchase firm transportation services, while the latter group
(noncore customers) purchase interruptible services. Pipeline companies guarantee to their firm customers that they
will provide peak day service up to the maximum capacity specified under their contracts even though these
customers may not actually request transport of gas on any given day. In return for this service guarantee, these
customers pay monthly reservation fees (or demand charges). These reservation fees are paid in addition to charges
for transportation service based on the quantity of gas actually transported (usage fees or commodity charges). The
PTM transportation and storage rates to firm customers are based on the average cost-of-service provided by the
pipeline to all of its comparably situated firm customers.

The actual reservation and usage fees (tariffs) that pipelines are allowed to charge are regulated by the Federal
Energy Regulatory Commission (FERC). FERC's ratemaking traditionally allows (but does not necessarily guarantee)
a pipeline company to recover its costs, including what the regulators consider a fair rate of return on capital. A
fundamental decision in cost-based rate design is the apportionment of costs among customer classes. How costs
are apportioned determines the extent of differences in the rates charged to different classes of customers and for
different types of service. For example, the more fixed costs that are included in usage fees, the more interruptible
customers share in paying pipeline costs. However, transferring a larger share of fixed costs to reservation fees leads
to firm customers bearing a larger share of system costs. The PTM is designed to provide flexibility in allocating
fixed and variable costs to firm and interruptible customers so that various policy initiatives may be examined.

Since requirements of interruptible customers generally are not taken into account in determining the peak-day
delivery requirements of pipeline systems, the availability of capacity to serve these customers during peak
consumption periods can be limited, and interruptions can occur. FERC sets maximum and minimum rates a pipeline
is allowed to charge for interruptible service; thus, pipeline companies are allowed to offer discounts from the

8Energy Information AdministratiolRequirementspp. 12-13.
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maximum usage fee at their discretion provided they do not unduly discriminate among customers. Since rates may
be discounted to the variable cost of moving gas, and the major portion of the pipeline costs are fixed costs, the
pipelines have considerable discretion in setting rates. Additionally, various rate making policy options currently
under discussion by FERC may allow peak-season rates to rise substantially above the 100-percent load factor rate
(also known as the full cost-of-service rate). In capacity-constrained markets, transportation rates based on marginal
costs will be significantly above the full cost of service rates.

Fixed and variable cost allocation in the PTM rate base specification provides flexibility in modeling a pipeline
company's response to recent FERC regulatory decisions to unbundle pipeline sales and transportation services, and
to encourage market-based responses to competition. The cost allocation is specified at the pipeline company-level.
After individual company revenue requirements are determined, they are aggregated across companies to the arc-level
specified by the NGTDM network. The PTM estimates maximum and minimum interruptible transportation service
rates which are used to determine interruptible service arc-level tariff bounds. These bounds constrain market-
determined rates provided by the NGTDM to interruptible customers. The maximum rate computed by the PTM

is the full cost-of-service rate (currently the 100-percent load factor rate). The minimum rate is the variable cost
of transporting gas. The effective rate charged in the Annual Flow Module in capacity-constrained markets is based
on marginal costs and, on occasion, exceeds the maximum rate computed by the PTM. A planned enhancement of
the NGTDM involves imposing a limit on these interruptible rates.

Theoretically, the PTM could compute either incremental or rolled-in (average) rates for new capacity, thus allowing
a more comprehensive analysis of the results of supply and demand shifts on capacities and flow patterns, as well
as a more representative analysis of the pricing of natural gas transportation and distribution’ services.

Distributor Tariff Module

The primary purpose of the Distributor Tariff Module (DTM) is to determine the components of end-use prices that
are regulated by State and local authorities. These consist of (1) distributor markups charged by local distribution
companies for the distribution of natural gas from the city gate to the end user and (2) markups charged by intrastate
pipeline companies for intrastate transportation services. Although the distribution service performed by local
distribution companies and the transportation service performed by intrastate carriers are distinct activities, separate
distribution and intrastate markups are not determined. Rather, the DTM determines a volumetric charge which
covers the cost of providing distribution or transportation services from the city gate to the end user. This charge
represents the difference between the price to the customer and the price to the local distribution company (or
intrastate carrier) at the city gate. Where end-use service is distinguished by service type (firm or interruptible), the
DTM provides separate firm and interruptible distribution markups.

The DTM represents firm markups to the residential, commercial, industrial, and utility sector customers based on

historical data. Transportation sector and interruptible service markups are based on the prices of competing fuels.
User-specified parameters allow adjustment of the markups to account for shifts due to regulatory policy. Many of

these modeling choices are the result of data limitations.

Distribution markups represent a significant portion of the price of gas to customers. These customers include the
residential, commercial, industrial, electric utility, and transportation (compressed natural gas vehicles) sectors. Each
sector has different distribution service requirements. For example, residential, transportation and most commercial
sector customers require guaranteed on-demand (firm) service because natural gas is their only fuel option. In
contrast, portions of the industrial, electric utility, and commercial sectors may not rely solely on guaranteed service
because they can either periodically terminate operations or switch to other fuels. Thus, commercial, industrial, and
electric utility customers can elect to receive some gas supplies through a lower priority (and lower cost)

*Throughout the report, reference will be made to the current formulation of the NGTDM where incremental rates will be used
as a market test for capacity expansion, and where the AFM will use rolled-in rates in solving for flows and prices in the firm
market and market-based rates for the interruptible market. However, the capability exists within the PTM to compute different
types of rates allowing it, and thus the NGTDM, to respond to different rate design and regulatory scenarios.
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interruptible (transportation) service. During periods of peak demand, services to these sectors can be interrupted
in order to meet the natural gas requirements of firm service customers.

The actual rates that local distribution companies and intrastate carriers are allowed to charge are regulated by State
authorities. State ratemaking traditionally allows (but does not necessarily guarantee) local distribution companies
and intrastate carriers to recover their costs, including what the regulators consider a fair return on capital. These
rates are derived from the cost of providing service to the end-use customer. The State authority determines which
expenses can be passed through to customers and establishes an allowed rate of return. These measures provide the
basis for distinguishing rate differences among customer classes and type of service by allocating costs to these
classes and services based on a rate design.

The DTM does not explicitly determine cost-of-service distribution markups from revenue requirements because the
availability of cost-specific data needed to determine revenue requirements is limited for local distribution companies
and intrastate pipeline compani®s. Instead, the markups are either determined from historical data or are based on
the economic value of service as determined by the cost of competitive fuels. Firm service markups are based on
historical data. Transportation sector and interruptible markups are based on value of service, which is determined
largely by alternative fuel price relationships in fuel switchable markets.

Since the markups determined by the DTM represent an aggregation of individual local distribution companies and
intrastate pipeline companies, this module is not designed to address the issue of analyzing competition for

distribution services within a region. It should also be noted that the DTM deals only with issues at an aggregate

regional level, and thus does not capture the impacts of State-specific regulations on intrastate tariffs and by-pass
issues. Finally, the procedures used by the DTM to estimate markups are limited by the types and availability of

data.

EIA data surveys currently do not collect the cost components required to derive revenue requirements and cost-of-service
for local distribution companies and intrastate carriers; nor are these data collected by other public or private sources. These cost
components can be compiled from rate filings to Public Utility Commissions; however, an extensive data collection effort is
beyond the scope of NEMS Version I. This data collection may be considered for a future development effort.
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3. Interface Between the NEMS and the NGTDM

This chapter presents the general role that the Natural Gas Transmission and Distribution Model (NGTDM) plays
in the NEMS. First a general description of the NEMS is provided, along with an overview of the NGTDM.
Second, the data passed to the NGTDM from other NEMS models will be described along with the methodology
used within the NGTDM to transform these prior to their use in the model. The natural gas demand representation
provided to the NGTDM from the Electricity Market Model (EMM) and from the end-use demand models of NEMS

is described, followed by a section on the natural gas supply interface. Finally, the information that is passed to
other NEMS models from the NGTDM will be described.

A Brief Overview of NEMS and the NGTDM

The NEMS represents all the major fuel markets—crude oil and petroleum products, natural gas, coal, electricity,
and imported energy—and iteratively solves for an annual supply/demand balance for each of the nine Census
Divisions, accounting for the price responsiveness in both energy production and end-use demand, and for the
interfuel substitution possibilities. NEMS solves for an equilibrium in each forecast year by iteratively operating a
series of fuel supply and demand modules to compute the end-use prices and consumption of the fuels fepresented.
The end-use demand modules—for the residential, commercial, industrial, and transportation sectors—are detailed
representations of the important features of each of these sectors. Using the delivered prices of each fuel, computed
by the supply modules, the consumption modules evaluate the consumption of each fuel, taking into consideration
the interfuel substitution possibilities, the existing stock of fuel and fuel conversion burning equipment, and the level
of economic activity. Conversely, the fuel conversion and supply modules determine the end-use prices needed in
order to supply the amount of fuel demanded by the customers, as determined by the demand modules. Each supply
module considers the factors relevant to that particular fuel, for example: the resource base for oil and gas, the
transportation costs for coal, or the refinery configurations for petroleum products. Electric utilities and refineries
are both suppliers and consumers of energy.

Within the NEMS system, the NGTDM provides the interface between the Oil and Gas Supply Model (OGSM) and
the demand models in NEMS, including the EMM. The NGTDM determines the price and flow of dry natural gas
supplied internationally from the contiguous U.S. bofder or domestically from the wellhead (and indirectly from
natural gas processing plants) to the domestic end?user. In so doing, the NGTDM models the markets for the
transmission (pipeline companies) and distribution (local distribution companies) of natural gas in the contiguous
United States. The primary data flows between the NGTDM and the other oil and gas models in NEMS, the
Petroleum Market Model and the OGSM, are depicted in Figure 3-1.

A more detailed description of the NEMS system, including the convergence algorithm used, can be found in National Energy
Modeling System Integrating Module Documentation Report." DOE/EIA-M057, December 1993.

2Because of the distinct separation in the natural gas market between Alaska, Hawaii, and the contiguous United States, natural
gas consumption in, and the associated supplies from, Alaska and Hawaii are modeled separately from the contiguous United
States within the NGTDM.

BNatural gas exports are also represented within the model.
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Figure 1Primary Data Flows Between the Oil and Gas Modules of NEMS
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Functionally, each of the demand models in NEMS provides the level of natural gas that would be consumed at the
burnertip by the represented sector at a given end-use price; and the OGSM provides the level of natural gas which
would be produced (or imported) at the wellhead (or border crossing) for a given supply price. The NGTDM uses
this information to build "short-term" supply or demand curves which are used to approximate a given model's
response to prices within a limited range. Given these short-term demand and supply curves, the NGTDM model
solves for the end-use, wellhead, and border prices that represent a natural gas market equilibrium, while accounting
for the cost and market for transmission and distribution services (including its physical and regulatory constraints).
These solution prices, and associated production levels, are in turn passed to the OGSM and the demand models,

14 Special parameters are provided by OGSM for the construction of supply curves for domestic nonassociated natural gas
production and by EMM for the construction of electric utility sector demand curves for natural gas which is competitive with
residual fuel oil.
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including the EMM, as primary input variables. In addition to the basic calculations performed within these models,
the parameters which define the natural gas supply or demand curves used in the NGTDM are updated (as
appropriate) to reflect the prices most recently provided by the NGTDM.

The NGTDM model is composed of four primary components or modules: the Annual Flow Module, the Capacity
Expansion Module, the Pipeline Tariff Module, and the Distributor Tariff Module. The Annual Flow Module is

the central module of the NGTDM, since it is used to derive flows and prices of natural gas in conjunction with an
annual natural gas market equilibrium. Conceptually the Annual Flow Module is a simplified representation of the
natural gas transmission and distribution system, structured as a network composed of nodes and arcs. The other
three primary components serve as satellite modules to the Annual Flow Module, providing parameters which define
some of the characteristics of these nodes and arcs. Other parameters for defining the natural gas market (such as
supply and demand curves) are derived based on information passed from other NEMS models. The Capacity
Expansion Module provides the Annual Flow Module with regional underground storage capacities and maximum
annual flows allowed along each of the arcs in the network. The Pipeline and Distributor Tariff modules provide
price parameters for establishing the tariffs to be charged along each of the interregional, intraregional, and
distribution arcs. Data are also passed back to these satellite modules from the Annual Flow Module and between
the satellite modules themselves.

The NGTDM is called once for each iteration of NEMS, but all modules are not run for every call. The Pipeline
Tariff Module and the Capacity Expansion Module are executed once for each year, on the first iteration for each
year and the last iteration for each year, respectively. The Annual Flow Module and the Distributor Tariff Module
are executed for every NEMS iteration. The calling sequence of, and the interaction among, NGTDM modules is
as follows for each year of execution of NEMS:

* First Iteration:

The Pipeline Tariff Module determines tariffs for interstate pipeline company transportation and storage
services, using a cost based simulation, and establishes tariff curves for pipeline and storage expansion.

* Each lteration:

The Distributor Tariff Module determines markups for intrastate transmission and distribution services
based on historical data and alternate fuel prices. Next, the Annual Flow Module incorporates tariffs
from the Pipeline Tariff Module and markups from the Distributor Tariff Module into a linear program
that solves for interregional flows based on supply availability, demand requirements, and pipeline
capacity con